I. Introduction
H istorical survey and application o f the fluorescein dyes
Rose bengal, 3',4',5',6'-tetrachloro-2,4,5,7- tetraiodouranine (4) was discovered a little over a cen tury ago by Gnehm eleven years after the discovery of its parent molecule, fluorescein 1 by Baeyer [1] (Scheme 1). Rose bengal was one of many new dyes discovered near the turn of the century and quickly Scheme 1. R 1 R2 A max (nm) 0 F9 0 ST9 % 9 <2>st5-1 uranine* took on significance both in photobiology and dyesensitized oxygenation. Raab, in 1900 , observed that param ecia, when exposed to acridine, were killed only in the presence of light but not in the dark [2] , L ater, this process was term ed the "photodynamic effect" [3] . In 1931 Kautsky and De Bruijn first pro posed that singlet oxygen was the reactive intermedi ate in dye-sensitized oxygenations [4] though W in daus and Brunken had earlier reported dye-sen sitized photooxygenation yielding an isolable perox ide [5] . Subsequently, Kautsky's singlet oxygen was discounted in favor of a mechanism in which the sen sitizer was excited to a m etastable state having birad ical character, the latter reacting with oxygen to form a labile sensitizer-oxygen complex. This complex was then suggested to transfer oxygen to the substrate giving the photooxygenation product [6, 7] , The first detailed kinetic investigation of dye-sensitized oxy genation was reported by Schenck in 1951 [8] , and this was followed by the development of a method for determ ining the quantum yield of triplet forma tion of the sensitizer [9] , A procedure based on quenching all dye triplets with 0 2 and the subsequent trapping of all the singlet oxygen with a very reactive acceptor was developed by Schenck and Gollnick with the reaction rates thus obtained being indepen dent of acceptor concentration. Presently, it is gener ally accepted that singlet oxygen is the reactive inter m ediate in dye-sensitized photooxygenation reac tions [10] [11] [12] [13] [14] [15] [16] , A part from their action as singlet oxy gen sensitizers (Type II mechanism) the n, t t * triplets of the halofluorescein dyes may also interact directly with substrates (Type I mechanism) [17] [18] [19] [20] [21] [22] [23] , This often leads to H-transfer or electron transfer, espe cially w'ith easily oxidizable (phenols, amines) or re ducible substrates (quinones) [20] [21] [22] . A concomi tant dehalogenation of the dye may take place [19] [20] [21] . R ecently, the photodim erization of 2-acyl-1,4-benzoquinones in the presence of rose bengal has b een re p o rte d [24] , T he purity of halofluorescein dyes has always presen ted a m ajor problem . E ven recently published chrom atographic purification m eth o d s are unsatisfactory from a preparativ e point of view [25, 26] , O th er groups have reso rted to p re p ara tio n of p u re r dyes through carefully controlled halo g en atio n conditions in the final synthetic step [27] .
In addition to th eir wide application in textile coloring [28] and biological staining [29] , the num ber of studies devoted to the interaction of dyes and biopolym ers or living cells is enorm ous [30] and a fair p o rtio n of these deal w ith the influence of fluorescein dyes, m ost often rose bengal 4, on proteins [31] , in tact cells [32, 33] and, m ainly, m em branes [34] [35] [36] [37] [38] [39] [40] .
E ry th ro sin (3) and rose bengal (4) have also been used successfully in insect control [41] [42] [43] [44] [45] [46] [47] [48] , R ose bengal (4) has potential applications in the p h o to chem ical tre a tm e n t of excessive algal grow th in w ater [49] and th e d egradation of organic phosp h ate pesti cides in w aste w ater for which m odel studies have been carried out [50, 51] . In recent years, p h o to dynam ic d estruction of tum ors has experienced a re vival w ith prom ising results which justify increasing research efforts in the biological activity of the ph otosensitizing dyes [30] . m eth o d s [26] (Schem e 1). From these d ata the o u t standing efficiency of rose bengal as singlet oxygen sensitizer co m p ared to th e o th e r dyes is obvious.
N u m ero u s studies have aim ed at the relationship betw een th e stru ctu re of a fluorescein dye and its spectral p ro p ertie s at d ifferen t pH s. In 1927, O rndo rff and H em m er isolated a yellow and a red form o f fluorescein to w hich they assigned the lactonic 8 and quinoid 6 stru ctu re s, respectively (Schem e 2) [53] . Z a n k e r and P e te r studied the p ro to n atio n 
Structure and spectral properties o f the fluorescein dyes
T h e stru ctu res of fluorescein (1) and its halo-derivatives (2 -4 ) are given in Schem e 1 along w ith th e ir photophysical properties.
T he longestw avelength absorption band (Amax) undergoes a redshift w hen th e n um ber of halogen substituents is in creased o r w hen heavier halogens are introduced. Schem e 1 also shows the quantum yields of fluores cence ( 0 f ) , intersystem crossing ( 0 st)> a n d singlet oxygen fo rm ation ( 0 i o ) as determ ined by Schenck et al. [9] .
A halofluorescein dye is a b etter singlet oxygen sensitizer w hen it has a high quantum yield of triplet form ation. T riplet yield is directly rela ted to the kind and n u m b er of heavy atom s present in the m olecule. R ecen tly , the quantum yields of intersystem crossing for th ese dyes w ere rem easured [52] after purifica tion o f the dyes w ith m odern chrom atographic alm ost colorless solution, indicating the presence of only lactonic fluorescein 8. G radual addition of w a ter led to a clear increase in intensity in the visible region of the absorption spectrum . This was in te r preted as resulting from dissociation of one o f the phenolic residues w ith concom itant ring opening of the lactone leading to form ation of the quinoid m o ie ty and a carboxylate anion, i.e., the quinoid m o n o a n ion (13). A ddition of gradually increasing am ounts of am m onia led to a red shift in the longest-w avelength absorption m axim um which poin ted to the form ation of the dianion 14.
O n the o th e r hand addition of sulfuric acid to a solution of yellow fluorescein in dioxane led to a new absorption band in the visible region. This was ex plained by the presence of the cation of fluorescein 5. T h e authors assum ed a zw itterionic in term ed iate 7 in th e transition from the cation 5 to the neutral m olecule 6, 8. M ore recently, a num ber of studies have focused on the influence of dye aggregation on the ab so rp tion [55 -59] and fluorescence spectra [60] [61] [62] [63] of fluorescein and its halo-derivatives [64] , A lso, the pH -d ep en d en ce of fluorescein fluorescence has been studied [65] as have the influence of the absence of th e 2'-carboxy function on the photophysical p ro p e r ties of fluorescein in a range of solvents w ith various hydrogen bonding capacities [66, 67] . T he quantum yield of fluorescence was m uch sm aller if the 2'-carboxy group was absent.
S tructural studies analogous to those p erfo rm ed on fluorescein have also been carried out for its halogenated derivatives [68] [69] [70] . T he presence of halogen substituents decreases the tendency of fluorescein dyes to be p ro to n ated . This m ay be due to the electron attracting n atu re of the halogen atom s which increases the acidity of the com pounds.
R ecently, all th ree possible m odifications of solid fluorescein have been isolated, a red quinoid 6, a colorless lactonic form 8, and a yellow zw itterionic form 7 [71] (Schem e 2). The quinoid form 6 was characterized by a vc=G at 1711 cm -1 corresponding to the carboxylic acid group. In 8 a vc=G was found at 1730 cm " 1 for the lactone. In 7 no vc=0 was observed above 1600 cm -1, but an absorption was found at 1596 cm -1 characteristic for pyrylium salts. T hese last data suggested the zw itterionic stru ctu re 7 for the yellow solid. In w ater the colorless form changed easily to the yellow form . All th ree solid form s had distinct and definite X -ray pow der pattern s. O nly tw o o th e r X -ray studies have been published on fluorescein dyes [72, 73] . The first rep o rts on the crystal stru ctu re of a 1:1 com plex of acetone and the lactonic form of fluorescein 15 (Schem e 3) [72] . T he lactone -arom atic ring was found to be nearly p e r p en d icu lar to the rest of the m olecule. The bond betw een C(9) of th e x an th en e and the lactone O is exceptionally long (1.525 Ä ) and indicates a w eak ness which co rresp o n d s to the behavior of the lac to n e in solution w here ready cleavage of the C -O bo n d yields the zw itterionic form . The authors d e scribe o pening to tw o tautom eric zw itterions: one w ith th e positive charge on the x an thene O -atom and th e o th e r w ith the positive charge on C (9) . The stru c tures show n in th eir p ap er how ever, co rrespond to tw o m esom eric structures of the sam e com pound.
T he X -ray stru ctu re of the p erchlorate of fluores cein 16 is also rep o rted (Schem e 3) [73] . The th ree rings in the x an th en e m oiety in this system w ere found to be co p lan ar, which corresponds to a p ro to n ated fluorescein m olecule with delocalization of the positive charge over the entire xan th en e system. T hese au th o rs p o in ted o u t the much sh o rter bonds C ( 4 a ) -0 (1.33 Ä ) and C ( 4 b ) -0 (1.32 Ä ) in fluorescein p erch lo rate 16 com pared to the sam e bonds in the lactone 15 (1.50 Ä ) . H ow ever, probably because of the different num bering of atom s in both articles, com parison was m ade with the w rong bonds, th e ir actual values in the lactone being C ( 4 a ) -0 (1.378 Ä ) and C ( 4 b ) -0 (1.377 Ä ) so th at the effect is qualitatively the same but much less ex trem e (Schem e 3). In terestin g as well are the results of C hen et al. w ho co m p ared the p ro to n atio n equilibria and the a b so rp tio n and fluorescence spectra of fluorescein in aq u eo u s solution w ith those of its m ethyl ester 9, its m onom ethyl eth er 11, 12 and its dim ethyl eth er 10 (Schem e 2) [74] . The m ethyl ester 9 cannot assum e th e lactonic form , since the carboxylic acid function is b lo ck ed , w hereas 10 is only presen t in the lactonic form . T he m onom ethyl e th e r can occur in both the q u inoid 11 an d th e lactonic form 12. This study led to th e conclusion th a t no n eu tral quinoid form 6 of fluorescein exists in aqueous solution. Below pH 1 fluorescein was p redom inantly p resen t as 5, at p H 3 as 8, at p H 5 -6 as 13 and at pH 8 as 14 (Schem e 2). Im p o rta n t results have been o btained in recent studies com paring the p ro to n atio n equilibria of fluorescein and eosin [75, 76] . It was observed th a t, startin g at th e cation of fluorescein 5 and gradually going to higher p H , the absorption m axim um u n d er w ent consecutively a large, a sm all and a large red shift co rresponding to the form ation of the neutral m olecule 6, the m onoanion 13 and the dianion 14, respectively (T able I). T his conclusion was based on th e n o tio n th a t ionization of the phenol residues of the x an th en e m oiety has the largest influence on the position of th e abso rp tio n m axim um in the visible region of the spectrum , w hereas the ionization of the carboxylic acid function will have little influence. This is in ag reem en t w ith the plane of the phenyl su b stitu en t at C(9) being alm ost p erpendicular to the plan e of the x an th en e m oiety and both m oieties th e re fo re not being con ju g ated to one another. A com parison was m ade w ith the p ro to n atio n equilib ria in fluorescein ethyl ester, in which only the two large redshifts are observed (17-»18->19).
T he situation was slightly different for eosin. B e ginning w ith its cation 20, tw o large red-shifts are observed (20->21->22), follow ed by a small blueshift (22->23). F rom th e o bserved shifts in th e a b sorption m axim um it is concluded th a t the phenol function in eosin is m o re acidic th an th e carboxylic acid function and th a t th e re fo re in th e m on o an io n of eosin th e p h en o late has been fo rm ed w hereas the carboxylic acid is un-ionized in 22 as o p posed to the situation in fluorescein m o n o an io n 13 (Schem e 4). T hese results w ere again co m p ared to those of eosin ethyl ester w h ere, startin g from th e cation 24, only two large red-shifts are o bserved (24-> 2 5 -^2 6 ).
This im p o rtan t difference in the b eh av io r of the phenolic residues of fluorescein and eosin is un d o u b ted ly th e co nsequence of the presence of the electron attractin g bro m in e atom s in eosin w hich facilitate the delocalization of th e negative charge in the p h en o late , th ereb y enhancing th e acidity in the x an th en e-p h en o l function vs. th a t in fluorescein.
T he au th o rs do n o t allow for a zw itterionic form of fluorescein 7 in aq u eo u s solution as was suggested by M arkuszew ski et al. [71] .
In a second article by th e sam e au th o rs th e stru c tures of fluorescein and eosin w ere studied in the solid state and in several organic solvents [77] . F or the lactonic stru ctu re of fluorescein a vc=D was found at 1730 cm -1 in the IR sp ectru m , w hich is in ag re e m ent w ith th e figure found by M arkuszew ski et al., but w hich was co n sid ered unusually low for a lac tone. It was argued th a t the presen ce of tw o free hydroxyl groups at C(3) and C(6) destabilizes the lactone, an o b serv atio n in ag reem en t w ith the X -ray spectrum [72] , and this was d em o n strate d by acetylation of th ese functions w hich shifted th e vc=Q to 1760 cm -1. F o r eosin lacto n e th e co rresp o n d in g fig  ures w ere 1755 cm -1 and for th e diacetyl derivative 1780 cm -1, indicating th a t eosin lactone is m ore stable th an th at of fluorescein.
Studies in solution led to th e conclusion th at an equilibrium exists b etw een the lactonic and "a m p h o te ric " form s of fluorescein and eosin in solution, a poin t th a t has been the subject of m uch discussion in the past. It tu rn e d o u t th at the lactonic ring of eosin was less stable than th at of fluorescein in o r ganic solvents, as oppo sed to the situation in w ater and in the solid state.
A t this point it is interesting to notice th a t, al though the results of F om peydie et al. [75] do not allow fo r a neutral zw itterionic form 7 of fluorescein in solution, because of the higher acidity of the phenolic O H in the cation 5, M arkuszew ski et al. [71] have isolated a zw itterionic m odification.
II. The Present Investigation
R ose bengal is com m ercially available as its di sodium salt and as such it is soluble only in polar solvents such as w ater and m ethanol. This limits its use in p h o tooxygenation since, for optim um effec tiveness, b oth the sub strate and the dye m ust be solu ble in the solvent required*. F u rth e rm o re , rose b e n gal bleaches w hen used in oxidation processes over ex ten d e d periods.
It was the intention w hen the cu rren t w ork began to study both of these problem s; nam ely solubil ity, w hich had been partially overcom e in our la b o rato ries previously w ith polym er-bound rose bengal w here a hydrophobic polym eric support p ro vided n o n -p o lar solvent com patibility and resistance to bleaching [78, 79] , T hough polystyrene-co-divinylbenzene su pports provide a hydrophobic im m obiliza tion c e n te r fo r rose bengal and these im m obilized dyes are m ore stable to oxidative bleaching, th eir qu an tu m yield of singlet oxygen form ation is also low er ( 0 !n = 0.43).
T he original p olym er-bound rose bengal was p re pared from chloro m eth y lated B io-B eads using the follow ing reaction [78] .
Schem e 5. R eaction o f rose bengal with chlorom ethylated polystyrene-co-divinylbenzene.
In o u r original publication we assum ed th at ch lo ro m eth y lated styrene-divinylbenzene copolym er beads w ere con verted to a rose bengal ester deriv a * Quantum yields for formation o f singlet oxygen from rose bengal in pentane are 1CT6; i.e., undetectable.
tive based on evidence th at th e polym er im m obilized dye could be partially rem o v ed from th e su p p o rt by trea tm e n t w ith dilute base. H o w ev er, since the phen o late function of rose bengal is also n u c leophilic, it was realized th a t it m ight displace chloride from the chlorom ethyl ce n te r of th e poly m er in D M F and the rose bengal m ay also be attac h ed to the polystyrene as a phenyl eth er.
It is the p urpose of this rep o rt to establish the point of attach m en t of rose bengal to poly(styreneco-divinyl-benzene) beads in which th e im m obiliza tion reaction is carried o ut by a nucleophilic displace m ent on a ch lo ro m eth y lated derivative (Schem e 5). It was also our intention to p rep a re m onom eric rose bengal derivatives which com bine the capacity to produce high triplet yields (for energy tran sfer to dioxygen) w ith n o n-polar solvent com patibility. It has tu rn ed o ut th at in o rd er to d eterm in e b oth the point of attach m en t of th e polym er to th e dye, and to synthesize soluble derivatives of the rose bengal, we have h ad to firm ly establish th e stru ctu ral ch arac teristics of this rath e r com plicated m olecule b oth in the solid form and in solution.
The reactions with ch lo ro m eth y lated B io-B eads w ere th erefo re rep e ate d w ith certain alkyl halides to d eterm in e, in m odel studies, w h eth er it is possible to block both the carboxylate and p h en o late function of the dye and which of th e tw o centers is m ore nuc leophilic. F u rth e rm o re , the influence o f this blocking on the ab sorption spectrum of rose bengal has been studied and the results co m p ared w ith those rep o rted in the literatu re for b oth eosin and fluorescein [75] . T he rose bengal derivatives w hose p ro p erties are d e scribed in this p ap er have n o t been p rep a re d p rev i ously.
III. Results and Discussion

Esterifications o f rose bengal
Rose bengal (4) was h eated in D M F with 1.5 eq of benzyl chloride as a m odel for the reaction with chlo ro m eth y lated styrene-divinylbenzene copolym er used to p rep a re polym er su p p o rted rose bengal [78] . T he deep purple product 28 tu rn ed o u t to be insolu ble in C H 2CI2 and show ed a vc=Q at 1730 cm -1 which may point to eith er an ester function [80] or to a n o n dissociated polychlorinated benzoic acid [81] . The absorption spectrum in M eO H had the sam e shape as that of 4 with a small red-shift of 6 nm com pared to 4. Fom peydie et al. noticed a small blue shift on changing the p H of a solution of eosin in w ater from 3.6 to 8.0 w hich they ascribed to ionization of the carboxylic acid function [75] . Sim ilarly, conversion o f th e carboxylic anion of rose bengal into an ester function m ight lead to the observed shift of Amax in th e o th e r direction.
Since the reactio n conditions used in the experi m en t above do not provide sufficient benzyl chloride to convert b oth anionic centers of rose bengal into an este r and an e th e r function, respectively, the sam e ex p erim en t was also carried ou t w ith 2.5 eq of benzyl chloride. T he in ten tio n was to synthesize a rose b en gal derivative soluble in n o n -p o lar solvents; how ever, the p ro d u ct was poorly soluble in C H 2C12 and h ad th e sam e abso rp tio n and IR spectrum as the p re ceding p roduct. T hese data suggest th at the phenolate anion of rose bengal m ay no t be sufficiently nucleophilic to function as a displacing group at least w ith benzyl chloride. W e believe delocalization of th e negative charge decreases th e reactivity such th at th e re is no reactio n even w ith an alkyl chloride carry ing a highly polarized C -Cl bond like benzyl ch lo rid e. B o th prod u cts w ere o f identical elem ental analysis and ind icated incorp o ratio n of only one b en zyl group.
T he reaction was also carried o u t in an acetonew ate r m ixture (50% v/v) w ith 2.5 eq of benzyl chloride [82] , This afforded a bright orange-red p ro d u ct soluble in C H 2C12. T he IR spectrum show ed a v0 -h at 3410 cm -1 and a vc=0 at 1730 cm -1. The U V sp ectru m in M e O H (red solution) show ed a Amax at 564 nm w ith a sh o u ld er at 524 nm , the sam e spec tru m as the sam ples p rep a re d in D M F. In C H 2C12, how ever, (bright oran g e-red solution) there w ere m axim a at 494 nm and 407 nm . In several literature rep o rts it has been poin ted ou t th a t the plane of the 2 '-carb o x y p h en y l substituent at C(9) of the xanthene m oiety o f fluorescein dyes is perpendicular to the plane of the x an th en e ring system and the la tte r is largely responsible for the absorption characteristics o f th e m olecule in the visible region [65, 66, 72, 73, 77] , T h erefo re, upon a change o f solvent from M eO H to C H 2C12 a m a jo r change tak es place in the x anthene p o rtio n . Since th e original reactio n was carried o u t in the presence of w ater, the benzyl chloride m ay partially hydrolyze to benzyl alcohol and HC1. A ssum ing th a t reaction of the carboxylate anion of rose bengal w ith benzyl cloride is faster than hydrolysis, th e o rd e r o f events is esterification of the carboxylate function follow ed by p ro to n atio n of the ph en o late anion of rose bengal. T his form of rose bengal benzyl ester ( 
6-O-Acetyl rose bengal ethyl ester (32)
T he results above clearly show th a t, in o rd e r to obtain a rose bengal derivative soluble in C H 2C12, it is essential to block b o th th e carboxylate and the ph en o late functions of th e dye. T he benzyl ester p re p ared in aq u eo u s aceto n e satisfies this condition b ut the com pound does not have a unique structure in solution. Since the acidic ch a racter of this derivative could also in te rfe re w ith its action as a singlet oxygen sensitizer, especially in connection w ith the synthesis of h ydroperoxides which are sensitive to acids, it was necessary to block the p h en o late function p e rm a nently. T he O -acetyl derivative was thus synthesized by refluxing w ith acetic anhydride. T o ou r surprise, this reaction did not yield the expected oran g e-red 6-O -acetyl rose bengal-benzyl ester b u t, instead, the colorless diacetyl derivative of the lactonic m odifica tion of rose bengal w hich was indicated by the disap p earance of th e IR -ab so rp tio n at 1730 cm -1. This was proved by p recip itatio n of rose bengal lactone The explanation of this p h en o m en o n is th e high polarity of th e m e th y len e-C -O bond in th e benzyl ester, especially in a p o lar solvent. U p o n in tro d u c tion of th e first acetyl function at the 6 -0 position the double bond ch aracter of th e 3 -C = 0 bo n d will in crease, b ut th e 3 -0 will still have sufficient nucleophilic ch aracter to attack acetic an h ydride w hen aided by an electron-push caused by attack of the ester-O on the slightly positively charged C(9) w ith sim ultaneous elim ination of benzyl cation.
It was an ticip ated th at this elim in atio n , w hich was un d esired , could be p rev en ted by converting th e rose bengal carboxylate to a d ifferen t ester, w hich has a less polarized C -O b o nd, e.g . ethyl ester. T his rea c tion was carried out using ethyl iodide in 50% v/v aqueous acetone. T he p ro d u ct, rose bengal ethyl es te r, has the sam e IR and ab so rp tio n characteristics as the benzyl ester. W hen refluxed w ith acetic an h y dride the bright red colo red 6-O -acetyl-rose bengal ethyl ester was o b tained. T his show ed no vQ_H in the IR spectrum , but vc=0 at 1780 cm -1 and 1730 cm -1 for the acetyl and carboxylate ester groups resp e c tively. T he absorption sp ectru m was th e sam e in M eO H and C H 2C12 and h ad m axim a at 494 nm and 395 nm. T he spectrum looked qualitatively sim ilar to the ab so rp tio n spectrum of rose bengal benzyl ester o r ethyl ester in C H 2C12. T o o b tain additional co n fir m ation of th e structure the acetylation was rep e ate d w ith com m ercial ethyl eosin (26); this afforded 6 -0 -acetyl eosin ethyl ester 35 w ith an IR sp ectru m very sim ilar to th a t of 32 and an ab so rp tio n spectrum qualitatively the sam e as 32 (T able II) . Schem e 7 shows the ab so rp tio n sp ectra o f the synthesized rose bengal derivatives in relatio n to th eir stru ctu res. The p ro to n atio n of th e x an th en e ph en o late function has a d ram atic influence on the shape of th e ab sorption sp ectru m causing a blue shift of 70 nm in the longest-w avelength ab so rp tio n m axi m um . P ro to n atio n of the carboxylate gro u p only leads to a small red shift of 6 nm (in M e O H ). The [75] (T able II). F u rth e r m ore, a 6-O -m o n o ester o f fluorescein described in a recent publication had an absorption spectrum w ith exactly the sam e shape as 32, only shifted to sh o rter w avelengths [83] . P relim inary experim ents have show n th at 6 -0 -acetyl-rose bengal ethyl ester is a singlet oxygen sen sitizer in d ich lo ro m eth an e. T he scope and efficiency of this rose bengal derivative in this and o th e r n o n polar solvents is u n d er active investigation.
IV . E x p erim en tal Section
G eneral
R ose bengal, dye co n ten t 92% , and eosin ethyl ester (m onosodium salt), dye co n ten t 98% , w ere purchased from the A ldrich C o ., M ilw aukee, and eosin Y , dye co n ten t 93% , from E astm an , R o ch es ter. The com m ercial p roducts w ere used in synthesis w ithout p rio r purification. 'H N M R spectra w ere m easured on a V arian CFT-20 79.6 M H z 'H N M R sp e ctro m e ter in CDC1? w ith TM S as in ternal sta n d ard. C hem ical shifts are given in d (ppm ) and /-v a l ues are expressed in H z. In frared spectra w ere o b tained using a P erk in -E lm er 337 grating IR spec tro p h o to m e te r and U V spectra using a V arian Cary 219 instrum ent. M elting points w ere m easured on a T hom as-H o o v er capillary m elting po in t apparatus. E lem en tal analyses w ere p erform ed by G albraith L ab o rato rie s, In c., K noxville, T en n essee, and all values w ere in the expected range.
Synthetic Procedures
R ose bengal (lactone) (34)
R ose bengal (4) 1.02 g; 1 m m ol) was dissolved in w ater (25 m l) and co n c en tra ted H C l (1 ml) was a d ded dropw ise. A red precipitate was form ed. A n o th e r 25 ml of w ater w ere add ed along with 4 ml of co n cen trated HC1. T he resulting slurry was stirred for 30 m in, filtered and thoroughly w ashed w ith w a ter to rem ove all excess HC1. T he red residue was d ried at 80 °C in a vacuum oven over night. A fter drying, the com pound had a very light pink color. Isolated yield 0.77 g (80% ).
IR (K B r) 3430 cm -1 (phenolic O H ), 1770 cm -1 (lactone C = 0 ) . U V -V is (M eO H ) x max (log e) 558 nm (5.02), 519 (4.51), 320 (4.05) 210 (4.76); Amin (log e) 528 nm (4.47).
U V (C H 2C12) / max (log e) 246 nm (4.76) ; Amin (log e) 236 nm (4.68).
3 ,6 -0 , O '-D iacetyl rose bengal (33)
A m ixture of rose bengal lactone (34) (0.5 g; 0.49 m ol) and 2.5 g of acetic an h y d rid e was refluxed o ver night. T he solvent was rem o v ed in vacuo and the residue was stirred w ith e th e r fo r 1 h. T he p recip i ta te was filtered off, w ashed w ith e th e r and d ried at 80 °C in a vacuum oven overnight.
IR (K B r) 1780 cm -1 (lactone C = 0 ) . The ab sorption spectrum is q ualitatively th e sam e as th at of rose bengal lactone (34) in C H 2C12. It is, how ever, the sam e if taken in M e O H in this case. [78] R ose bengal (4) (1.58 U V -V is (C H 2C12) Amax 572 nm . 529: Amin 543 nm. Solubility in C H 2C12 was n ot sufficient to m easure a quan titativ e ab sorption spectrum .
Rose bengal b en zyl ester, m o n o so d iu m salt (28)
R ose bengal b en zyl ester,
m olecular fo rm (30) [82] Rose bengal (4) (1.02 g; 1 m m ol) was dissolved in 10 ml of w ater and a solution of benzyl chloride (0.32 g; 2.5 m m ol) in 10 ml of aceto n e was ad d ed . T he resulting solution was refluxed o ver night. A fter cooling an o ran g e-red p recip itate fo rm ed w hich was filtered off and dried overnight at 80 °C in a vacuum oven. The o ran g e-red pow der was th en w ashed w ith eth er and again dried over night at 80 °C. Y ield 0.87 g (82% ). It has no distinct m elting p o in t, b u t at 220 °C the co m pound is tran sfo rm ed into a d ark oil.
IR (K B r) 3415 cm -1 (phenolic O H ), 1730 (ester C = 0 ) . U V -V is (C H 2C12) Amax (log e) 496 nm (4.19), 407 (4.19) ; Amin (log e) 443 nm (4.00), 345 (3.70) .
U V -V is (M eO H ) Amax 564 nm . 524. The sam ple was too insoluble in M eO H to m e a sure a q u an titativ e absorption spectrum .
lH N M R (CDC13) ö (ppm ): 5.03 (s. 2 H benzyl C H 2), 6 .8 2 -7 .4 9 (m . 7 H . aro m .) 4.6 R ose bengal ethyl ester, m olecular fo r m (31) [82] T his com pound was synthesized analogous to the benzyl ester, but using, instead, 5 eq. o f ethyl iodide.
W ith a sm aller excess of E tI, a ban d in the IR spec trum was found corresponding to lactonic C = 0 . Y ield 83% .
IR (K B r) 3400 cm -1 (phenolic O H ), 1730 (ester C = 0 ) .
A b so rp tio n spectra in M eO H and C H 2C12 sim ilar to the benzylester.
.7 6-O -A cetyl rose bengal ethyl ester (32) [53]
A solution of rose bengal ethyl e ste r, m olecular form (0.5 g; 0.50 m m ol) in 2.5 g of acetic anhydride was refluxed over night and the solvent was distilled off in vacuo. The residue was stirred w ith eth er for 1 h and filtered off. A fte r washing again w ith e th e r, the sam ple was dried over night in a vacuum oven at 80 °C resulting in a bright red pow der. Y ield 0.459 g (90% ). T hough 32 h ad no distinct m elting p oint, its color becam e gradually brow n u p o n approaching 250 °C, while the pow d er stayed dry and was easily rem ovable from the capillary tube. T h e absorption spectrum of this h eated sam ple indicated it was p a r tially d eacety lated to rose bengal ethyl ester. The sam ple is ch arred w hen h eated above 300 °C.
IR (K B r) 1780 cm " 1 (acetyl C = 0 ) , 1730 (ethyl es te r C = 0 ) . U V -V is (C H 2C12) Am ax (log e): 494 nm (4.03), 395 (4.22); Amin (log e): 441 nm (3.87) .
U V -V is (M eO H ) Amax: 494 nm , 400; Amin: 447 nm. T he q u an tity soluble in M eO H was n ot sufficient to allow accu rate m easuring of a q u an titativ e ab so rp tion spectrum .
lH N M R (CDC13) 6 (ppm ): 0.98 (t, -C H 3, 3 H , J = 7.1 H z), 2.48 (s, C H 3C = 0 , 3 H ), 4.01 (q u artet, -C H 2-, 2 H , J = 7.1 H z) 7.41 (s, 1 H , xan th en e-H ), 7.65 (s, 1 H , x an th en e-H ).
T he synthesis of the eosin derivatives was carried o u t in co m p lete analogy w ith those of rose bengal. T h eir sp ectral p ro p erties have already b een m en tio n ed in T ab le II.
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